Given a set P of n points and a set D of m unit disks on a 2-dimensional plane, the discrete unit disk cover (DUDC) problem is (i) to check whether each point in P is covered by at least one disk in D or not and (ii) if so, then find a minimum cardinality subset D * ⊆ D such that unit disks in D * cover all the points in P. The discrete unit disk cover problem is a geometric version of the general set cover problem which is NP-hard [14]. The general set cover problem is not approximable within c log |P|, for some constant c, but the DUDC problem was shown to admit a constant factor approximation. In this paper, we provide an algorithm with constant approximation factor 18. The running time of the proposed algorithm is O(n log n + m log m + mn). The previous best known tractable solution for the same problem was a 22-factor approximation algorithm with running time O(m 2 n 4 ).
Introduction
Research on geometric set cover problems is often motivated by applications in wireless networking or facility location problems. Our interest in the problem arose from data management problems upon terrains, in bathymetric applications in particular. Suppose that we have a survey of a terrain with data represented as points in the xy-plane, and the height data is stored as an attribute of each point. Call this point set P. Given a new survey of the same area, we obtain a new point set Q. We wish to update our data set by treating the new data set Q as the standard, but we wish to maintain some of the old data for completeness. Our restrictions are that each new point in Q must have at least one old point from P within unit distance, and that a minimum number of points from P are maintained. This problem is an instance of the discrete unit disk cover (DUDC) problem.
Other applications of DUDC that are commonly used are selecting locations for wireless servers from a set of candidate locations to cover a set of wireless clients, or positioning emergency service centres (i.e. fire stations) from a set of candidate sites so that all points of interest (houses, etc.) are within a predefined maximum distance of the service centres. 
Our Results
Given a set P of n points and a set D of m unit disks in a 2-dimensional plane, we first check the feasibility of the DUDC problem i.e., check whether each point in P is covered by at least one disk in D or not. If the answer to the first step is yes, then we propose an 18-approximation algorithm for the DUDC problem. The running time of the proposed algorithm is O(n log n + m log m + mn).
Related Work
The DUDC problem is a geometric version of the general set cover problem which is NP-hard [14] . The general set cover problem is not approximable within c log |P|, for some constant c [18] . Obviously the general approximation algorithms for set cover apply to DUDC to get an easy O(log n) approximation (i.e.
[8]), but a series of constant factor approximation algorithms and a PTAS have been presented for DUDC, mostly published within the past few years: 10, 15] . The depth of the local search is bounded by (c/ε) 2 ≥ 4γ 2 , so ε ≤ 2. Thus, the fastest operation of this algorithm is obtained by setting ε = 2 for a 3-approximation, and this will run in O(m 2·(8 √ 2/2) 2 +1 n) = O(m 65 n) time in the worst case. Clearly, this algorithm is not practical for m ≥ 2. Our present work is directed towards finding approximation algorithms for DUDC that are tractable.
Minimum Geometric Disk Cover. In the minimum geometric disk cover problem, the input consists of a set of points in the plane, and the problem is to find a set of unit disks of minimum cardinality whose union covers the points. Unlike DUDC, disk centers are not constrained to be selected from a given discrete set, but rather may be centered at arbitrary points in the plane. Again, this problem is NP-hard [9] and has a PTAS solution [11, 12] .
Discrete k-Center. Given two sets of points in the plane P and Q and an integer k, find a set of k disks centered on points in P whose union covers Q such that the radius of the largest disk is minimized. Observe that set Q has a discrete unit disk cover consisting of k disks centered on points in P if and only if Q has a discrete k-center centered on points in P with radius at most one. This problem is NP-hard if k is an input variable [2], but when k is fixed, a solution can be found in m O( 
